I n many cases, post-translational modifications (PTMs) of proteins are fundamental for their correct function. In the case of protein tyrosine nitration, the modification can be considered a marker of nitrative stress [1] . Peroxynitrite (ONOO Ϫ ) anions, formed in the reaction of superoxide radical anions and nitric oxide radicals, or other nitrating agents, e.g., NO 2 • radicals, react with tyrosine to produce the 3-nitrotyrosine modification [2] [3] [4] . The modification is of great interest as it may be used as a diagnostic biomarker for diseases caused by radical species [4 -6] . Examples include cardiovascular disease [7] , Alzheimer's disease [8] , and atherothrombotic diseases [9] . The development of methods for the identification of tyrosine-nitrated proteins and characterization of sites of 3-nitrotyrosine are key for the understanding of the associated biological processes. Mass spectrometry approaches for the study of protein tyrosine nitration have been reviewed recently [1] . Most studies have utilized MALDI-TOF-MS, however electrospray tandem mass spectrometry (MS/MS) approaches employing collision-induced dissociation (CID) mass spectrometry have also been applied.
The introduction of electron capture dissociation (ECD) [10, 11] in 1998 provided a unique fragmentation technique for biomolecular analysis. ECD differs from "slow-heating" MS/MS techniques [12] , such as collisioninduced dissociation (CID) or infrared multi-photon dissociation (IRMPD) [13, 14] . CID and IRMPD are thermal processes in which the lowest energy bonds are cleaved first [15] . The differences lead to different sets of fragmentation products being formed; ECD peptide backbone cleavage occurs at the N-C␣ bond, leading to c and z• (or c• and z) fragments [16, 17] , whereas CID and IRMPD peptide backbone cleavage occurs at N-C O bonds producing b and y ions [18] .
In ECD, ions of interest are irradiated with lowenergy electrons (Ͻ0.2 eV) producing charge-reduced species, which dissociate along radical-driven pathways, though the precise mechanism is still of some discussion [17, 19, 20] . In summary, initial electron capture to high-n Rydberg states was first proposed by McLafferty and coworkers [10] . In the Cornell mechanism, the electron subsequently localizes to a site of protonation (e.g., lysine or arginine side-chain) forming a hypervalent radical. Hydrogen atom transfer to the amide oxygen occurs followed by cleavage of the adjacent N-C␣ bond. A limitation of the Cornell mechanism is the failure to explain the observation of ECD fragments for species in which mobile hydrogen atoms are absent [21] . In the Utah-Washington (UW) mechanism [20, 22] , following capture the electron is localized to the amide * orbital rendering the amide bond superbasic. The amide anion radical subsequently abstracts a proton from an accessible site. That process may involve a conformational change governed by Coulombic interactions between the amide anion and the site of protonation.
ECD offers some advantages over other MS/MS techniques for the analysis of peptides and proteins. For example, ECD is nonselective, the only exception being cleavage N-terminal to proline [23] , and thus leads to greater peptide sequence coverage [24, 25] . Arguably the main benefit of ECD is the tendency of backbone fragments to retain labile posttranslational modifications [26] , cf CID and IRMPD, where cleavage of the PTM is generally the dominant fragmentation channel. ECD has been shown to be successful for localizing sites of ␥-carboxyglutamic acid [26] , sulfation [26] , N-and O-glycosylation [27, 28] , phosphorylation [29, 30] , acetylation [31] , oxidation [32] , ubiquitination [33] , and sumoylation [34] .
Although ECD has been applied to the characterization of a wide range of PTMs, the studies have not been exhaustive. Moreover, whilst ECD has generally been found to be successful in the analysis of PTMs, one cannot conclude this will always be the case. For example, interactions between phosphate groups and basic amino acid side-chains have been shown to have an adverse effect on the ECD fragmentation of phosphopeptides [35] . Beauchamp and coworkers have shown that the electron affinity (EA) of the species under investigation may also affect ECD behavior [36] . None of the unmodified proteinogenic amino acids have a positive electron affinity. However, it was shown that benzyl modifications of cysteine with an EA of Ն1.00 eV, specifically 3-nitrobenzylcysteine (EA ϭ 1.00 eV [37] and 3,5-dinitrobenzylcysteine (EA ϭ 1.65 eV [38] , termed 'electron predators', inhibit peptide backbone cleavage by ECD and the related electron-transfer dissociation (ETD) completely [36] . Identical rates of electron capture were observed for doubly-charged peptides containing modifications with disparate EA suggesting initial electron capture is governed by longrange interactions, i.e., the electron is captured to high-n Rydberg states, as proposed by McLafferty [10] . Once captured, electron relaxation via through-space or through-bond transfer to the high-EA modification (electron predator) occurs in competition with transfer to the amide * orbital (UW mechanism). The radical anions formed by the electron predator have high proton affinities thus enabling proton transfer from a site of protonation. The result is a stable radical intermediate, which does not undergo N-C␣ cleavage to produce c/z ions. It was suggested that 3-nitrotyrosinecontaining peptides may also behave as electron predators due to the structural similarity of nitrotyrosine and nitrobenzylcysteine [36] .
In this work, we investigate the effect of 3-nitrotyrosine on the electron capture dissociation behavior of peptides. The ECD and CID of the synthetic peptides GPLEnYGFAK, GPLEnYGFAKGPLAK, the synthetic fibrinogen ␤-chain peptide NYCGLPGEnYWLGNDK (known to be susceptible to tyrosine nitration at this site in vivo [9] ), the myoglobin tryptic peptide nYLEFISDAIIHVLHSK (nY denotes 3-nitrotyrosine), and their unmodified counterparts were determined. The results show that for doubly-charged peptide ions the presence of 3-nitrotyrosine has a deleterious effect on ECD backbone cleavage. The ECD mass spectra reveal abundant neutral losses from the charge-reduced precursor. The origin of these neutral losses was investigated by use of activated ion (AI) ECD [39] , with further insight provided by ECD of an isotopically labeled 15 NO 2 -tyrosine-containing peptide, and a peptide series with variable sites of nitrotyrosine (A x nYA y K, where x, y ϭ 0 -6 and (x ϩ y) ϭ 6). For triply-charged peptides, in addition to the abundant neutral losses, some ECD backbone cleavage is observed. That observation is discussed in terms of competing electron relaxation processes.
Experimental

Preparation of Synthetic Peptides
The nitrated peptides, GPLEnYGFAK, GPLEnYGFAKGP-LAK, and NYCGLPGEnYWLGNDK (a fibrinogen ␤-chain tryptic peptide), their unmodified counterparts and an A x nYA y K series (where x, y ϭ 0 -6, and x ϩ y ϭ 6) were synthesized by Alta Bioscience (Birmingham, UK) and used without further purification. The peptides were diluted to 2 pmol/L in methanol (Fisher Scientific, Leicestershire, UK):water (J.T. Baker, Deventer, The Netherlands) (50:50), and 1% formic acid (Fisher Scientific).
Equine skeletal myoglobin (Sigma-Aldrich, Poole, Dorset, UK) was electrochemically nitrated in a watercooled cell at 284 Ϯ 2 K, with the potential fixed at 1.05 V versus Ag/AgCl/Cl Ϫ (3 M) using an Amel Instruments 2053 potentiostat (Milan, Italy). The cathodic compartment was a 5 mm diameter cylindrical chamber separated from the anodic compartment by a nonselective sintered glass membrane. A platinum wire from Goodfellow (0.5 mm diameter, ϩ99.995% purity) was used as the counter electrode. The cathodic compartment was filled with 1 mL of buffer solution comprising 50 mM Na 2 B 4 O 7 · 10H 2 O and 50 mM NaNO 2 adjusted to pH 9.0 with H 3 BO 3 . A 0.1 ϫ 2.5 ϫ 5.0 cm bipolar boron-doped diamond working electrode was pretreated by cycling the electrode between 0 and 4 V versus Ag/AgCl, 0.1 V s
Ϫ1
, 10 cycles, in 1 M nitric acid, and thereafter electrodes were thoroughly rinsed with ultrapure water. Buffer solution (50 mL) contained 1 mg mL Ϫ1 of protein. Sodium nitrite concentration was 50 mM. Electrosynthetic nitration was monitored with a Digatron electronic A · h coulometer (Aachen, Germany) by measuring the charge passed through the circuit. The nitration was expected to take place at Tyr103 [40] . The reaction mixture was extensively dialyzed against 10 mM ammonium acetate, pH 6.0, using Spectra/Por (Rancho Dominguez, CA, USA) molecular porous membrane tubing with 3500 Da cut-off. Samples were subsequently freeze-dried and stored at Ϫ20°C. Nitrated myoglobin was digested with trypsin (Trypsin Gold; Promega, Madison, WI, USA) (1:20, enzyme to protein, wt/wt) in 50 mM ammonium bicarbonate (Fisher Scientific) (pH 8) at 37°C overnight. Digestion was quenched with formic acid (0.5% vol/vol) and the peptides were desalted using a Michrom C 18 Macrotrap (200 g capacity). The digest was diluted to a final concentration of ϳ2 pmol/L in methanol:water (50:50) and 1% formic acid. 15 N-isotopicnitrotyrosinelabelingofGPLEYGFAKGPLAK was completed by the electrochemical procedure described above, with the exception that Ͼ98%
15
N labeled sodium nitrate (Sigma-Aldrich, Poole, Dorset, UK) was used.
Mass Spectrometry
All tandem mass spectrometry analyses were performed on a Thermo Finnigan LTQ FT mass spectrometer (Thermo Fisher Scientific, Bremen, Germany). Samples were injected by use of an Advion Biosciences Triversa electrospray source (Advion Biosciences, Ithaca, NY, USA) at a flow rate of ϳ200 nL/min.
All MS/MS spectra were acquired in the ICR cell with a resolution of 100 000 at m/z 400.
ECD. Precursor ions were isolated in the linear ion trap and transferred to the ICR cell for ECD. Automatic gain control (AGC) target was 5 ϫ 10
5 with maximum fill time 2 s. Isolation width was 5 m/z. Electrons for ECD were produced by an indirectly heated bariumtungsten cylindrical dispenser cathode (5.1 mm diameter, 154 mm from the cell, 1 mm off axis) (Heat-Wave Labs, Watsonville, CA, USA). The current across the electrode was ϳ1.1 A. Ions were irradiated with electrons for 70 ms at 5% energy (corresponding to a cathode potential of Ϫ2.775 V). Each ECD scan comprises 4 co-added microscans. Mass spectra shown comprise 100 averaged scans.
Activated ion (AI) ECD. Photons for infrared irradiation
were provided by a 75 W in-built CO 2 laser (Synrad, Mikilteco, WA, USA) for 100 ms and measured as percent of the maximum (i.e., 75 W). Infrared irradiation was followed by ECD with an 85 ms delay [41] . Thirty AI ECD scans were recorded at laser powers ranging from 0 to 50% etc. Each AI ECD scan comprised 10 co-added microscans. Experiment was completed in triplicate.
CID. CID experiments were performed in the linear ion trap and the fragments transferred to the ICR cell for detection. AGC target was 1 ϫ 10 6 , maximum fill time 1 s. Isolation width was 5 m/z. CID experiments were performed with helium gas at normalized collision energy 35%. Each CID scan comprises four coadded microscans. Mass spectra shown comprise 100 averaged scans.
Data were analyzed using Xcalibur 2.05 software (Thermo Fisher Scientific). All mass spectra were manually searched for a, b, c•/c, y, and z•/z fragment ions using Protein Prospector ver. 5.2.2 software (UCSF, San Francisco, CA, USA) [42] . Figure 1 shows the mass spectra obtained following CID and ECD of the doubly-charged peptide ions. With the exception of the myoglobin peptide, ECD resulted in virtually complete sequence coverage (Figure 1 , left-hand column) of the unmodified peptides. For the unmodified myoglobin peptide, four of the fifteen N-C␣ bonds were cleaved. The addition of nitration on the tyrosine on the peptide drastically decreases the ECD sequence coverage in all cases (Figure 1, middle  column) . A striking feature of the ECD mass spectra obtained from the nitrated peptides is the presence of intense peaks corresponding to neutral losses from the charge-reduced [M ϩ 2H] ϩ• species. The neutral losses observed are summarized in Table 1 . All nitrated peptides exhibited multiple neutral losses following electron capture, and in all cases the abundance of at least one of these fragment ions is greater than the abundance of the charge-reduced ions. ] 3ϩ are shown in Figure 2 . Addition of a third proton to the nitrated peptides leads to improved sequence coverage with four extra c and z ions being identified for GPLEnYGFAKGPLAK, and eight more c and z ions being noted for nYLEFISDAIIHVLHSK. As with the doubly-charged peptides, intense peaks corresponding to neutral losses from the charge-reduced species are observed (see Table 1 ).
Results and Discussion
Nitration of tyrosine severely inhibits N-C␣ backbone cleavage following electron capture by doublycharged peptide ions. That result can be explained in terms of the 'electron predator' model proposed by Sohn et al. [36] : following electron capture to high-n Rydberg states, through-space or through-bond electrontransfer occurs to the 3-nitrotyrosine, rather than the * orbital associated with c/z-type cleavage (UW mechanism). The 3-nitrotyrosine anion radical then abstracts a proton from elsewhere in the peptide thus halting the normal sequence of events. Based on the proton affinities of the amino acid side-chains and N-terminus, and charge-repulsion factors, the doubly-charged peptides studied here are predicted to be protonated at the N-terminus and on the side-chain of the C-terminal lysine residue. Proton transfer may occur from one of these sites or, alternatively, may be the result of proton abstraction from the adjacent phenol group to which it is hydrogen bonded (see below). An alternative explanation is that c/z-type cleavage does occur but there is no charge repulsion to overcome any intramolecular hydrogen bonds between the resulting fragments (one neutral, one singly-charged). Activated ion (AI) ECD experiments (discussed below) suggest the latter explanation is not the case.
Loss of Neutrals Observed Following ECD of Nitrated Peptides
As mentioned above, all of the nitrated peptides studied showed extensive loss of small neutrals from the charge-reduced species following electron capture. In all cases, at least one of these peaks was more abundant than that of the charge-reduced species. Figure 3 shows expanded m/z regions of the ECD mass spectra containing peaks due to these losses. See also a hydrogen atom from the charge-reduced species is observed for all nitrated peptides. That product is commonly observed in ECD mass spectra of peptides [43] and is indeed noted for unmodified GPLEYGFAK (Figure 1a ). Given that events following electron capture appear to be different to those for 'standard' peptides, it cannot be concluded that hydrogen atom loss proceeds as in 'standard' peptides. Losses of hydroxyl radicals, water and ammonia are also observed. Polášek and Tureček [44] have shown that the phenylnitronic radical is stable on the microsecond scale and undergoes unimolecular dissociation via hydroxyl loss. Sohn et al. [36] observed hydroxyl loss following ECD of doubly-charged peptides containing 3-nitrobenzylcysteine and 3,5-dinitrobenzylcysteine. They concluded that formation of the nitrobenzyl radical anion was followed by intramolecular proton transfer and subsequent homolytic cleavage of the N-OH bond. They also noted that loss of •OH was especially prominent with higher levels of vibrational excitation, i.e., in activated ion ECD and ETD with supplemental activation. Loss of •OH is observed for all of the 3-nitrotyrosine containing peptides studied here, although this channel is very weak for [GPLEnYGFAKGPLAK ϩ 2H] 2ϩ precursor ions. We conclude that a similar process occurs, i.e., the nitrotyrosine radical anion is formed on electron capture and is followed by intramolecular proton transfer. The proton may be transferred from a lysine side-chain, however it is worth noting that addition of a nitro-group to tyrosine increases the acidity of the phenolic hydrogen (pK a 7.2 [45] . At acidic pH the hydroxyl group remains uncharged but is involved in hydrogen bonding to the neighboring nitration modification [46] . Hence possibly proton transfer from the phenol group occurs.
Analysis of isotopic distributions in the ECD mass spectrum of [NYCGLPGEnYWLGNDK ϩ 2H] 2ϩ pep- 3 ] is observed. Possibly, the water loss is related to hydrogen bonding of the phenol group to the nitro-group, however this might suggest additional loss of •OH, which we do not observe. Sohn et al. [36] observed additional water loss in the AI ECD and ETD with supplemental activation of the nitrobenzylcysteinecontaining peptides, but following ECD this additional water loss was not noted. That suggests that water loss is associated with higher vibrational excitation, and it may be that the precursor ions in our experiments are 'hotter' than those in Beauchamp's. Further indication of higher internal energy of the precursor ions in these experiments is the extensive hydrogen atom loss observed following ECD. Such losses were only observed following AI ECD in the experiments of Beauchamp and coworkers.
In addition to losses of •OH and water, we observed losses of ammonia from the charge-reduced precursors.
Losses of ammonia are not uncommon following ECD of peptides, for example, see Figure 1d ; however the abundances of the fragments involving ammonia loss from the nitrated peptides are remarkable. Moreover losses of ammonia did not occur in isolation but always occurred together with losses of other neutral species, Figure 3a- 3 ] is a minor product. No losses involving ammonia were observed for either 2ϩ or 3ϩ ions of nYLEFISDAIIHVLHSK, nor were any neutral losses involving ammonia observed following ECD of the nitrobenzylcysteine containing peptides studied by Beauchamp and coworkers [36] . As mentioned, ammonia loss was not observed in isolation in ECD of any of the nitrated peptides, but followed an initial loss of •OH or H 2 O. Apparently the ammonia loss is intrinsically linked with the nitrotyrosine radical anion formed following electron capture although the mechanism is unclear.
15 N-isotopic labeling of the nitro-group reveals that it is not the origin of the ammonia nitrogen (see Supplemental Figure 1 , which can be found in the electronic version of this article). Presumably, the am- monia is lost from a protonated lysine side-chain which is interacting with the nitro-group. As described above, for the doubly-charged peptides studied, the predicted protonation sites are the N-terminus and the C-terminal lysine side-chain. For triply-charged GPLEnYGFAKGPLAK, the additional protonation site is predicted to be the sidechain of the central lysine, and for 3ϩ ions of nYLEFISDAIIHVLHSK the side-chain of one of the histidine residues. The results for peptide nYLEFISDAIIHVLHSK suggest that the lysine side-chain is too distant from the nitro-group to initiate ammonia loss. Similarly, peptide NYCGLPGEnYWLGNDK shows only weak ammonia loss. The most abundant ECD product of both [GPLEnYGFAKϩ2H] 2ϩ ions and
. Both of these species are expected to be protonated on Lys9 which we hypothesize is involved in noncovalent bonding with the nitro-group. If this is the case, we would expect the relative abundance of these peaks to decrease if the precursor ions are activated before ECD such that unfolding is induced. AI ECD was performed on these species and the results are presented in Figure 4a and c. The near-threshold AI ECD mass spectra are shown in Figure 4b and d. Infrared irradiation was followed by ECD with an 85 ms delay to ensure that ECD was performed on unfolded ions [41] . As can be seen, there is a rapid decrease in the relative abundance of the [•OH ϩ H 2 O ϩ NH 3 ] neutral loss peaks with increasing pre-ECD activation. A less pronounced decrease in relative abundance is also noted for the other observed neutral loss peaks. The AI ECD results for doublycharged GPLEnYGFAKGPLAK are shown in Figure 4e and f and are less straightforward to interpret. The peak corresponding to loss of [H 2 O ϩ NH 3 ] rapidly decreases in abundance, however this is accompanied by an increase in the abundance of the peaks correspond-
and [•OH] up to ϳ30% laser power, followed by a general decrease which coincides with the onset of IRMPD. This result suggests IR activation promotes loss of •OH, however it should be noted that the fragment is a combination of neutral losses which cannot be deconvoluted with certainty. Beauchamp and coworkers [36] also observed increased loss of •OH at higher vibrational energy levels. The contradiction in our findings may indicate differences in the mechanisms of •OH loss in the various peptide ion structures. It should also be noted that the variations in abundance of the neutral loss peaks with ion activation may reflect competitive dissociation channels and their dependence on ion internal energies rather than simply being the result of interruption of a particular fragmentation channel (i.e., loss of ammonia) by removal of noncovalent bonds.
The AI ECD mass spectra shown in Figure 4b , d, and f, give further credence to the hypothesis that the nitrotyrosine acts as an electron trap and prevents backbone cleavage. As discussed above, if N-C␣ cleavage was occurring but the fragments were held together by intramolecular hydrogen bonds, then activation should release the fragments by disrupting these noncovalent bonds (post-ECD activation), or allow direct observation of the fragments by unfolding the precursor ion (pre-ECD activation). Both pre-ECD activation (Figure 4b, d , and f) and post-ECD activation (see Supplemental Figure 2 ) show no significant increase in c/z-type fragmentation. Some increase in the relative abundances of y fragments is observed in the AI ECD mass spectra. That observation is likely the result of the increased internal energy of the peptide ions.
To further investigate the hypothesis that the ammonia is lost from a protonated lysine side-chain, which is interacting with the nitro-group, we performed ECD on series of peptides A x nYA y K, where x, y ϭ 0-6, and (x ϩ y) ϭ 6. The dependence of the position of the nitrotyrosine with respect to the protonated lysine on the loss of ammonia and other neutral species is shown in Figure 5 . The ECD mass spectra of these peptides and doubly-charged AAAAAAAK are shown in Supplemental Figure 3 . Previous work in our laboratory has suggested that the ECD behavior of polyalanine species is nonstandard. The dominant fragmentation channels involve b/y-type cleavage (see Supplemental Figure  3h ), i.e., do not proceed via the Cornell and/or UW mechanism. That behavior was also observed by Tsybin and coworkers [47] and is seen here for the A x nYA y K peptides. We postulate that the atypical behavior is likely a consequence of the secondary structure of these peptides [48] but that hypothesis requires further investigation and is beyond the scope of the present paper. The important point in the present context is that the peaks corresponding to neutral losses involving ammonia show marked increases in relative abundance as the proximity of the nitrotyrosine and lysine residues increases, in contrast with those observed for •OH and [•OH ϩ H 2 O]. No ammonia loss was observed when there are greater than four amino acids between the two functional species. Once the nitrotyrosine is within this four amino acid threshold for these peptides there is a major loss of ammonia and the [•OH ϩ H 2 O ϩ NH 3 ] neutral losses become the most abundant.
Effect of Charge-State on ECD Behavior of Nitrated Peptides
As mentioned above, the ECD mass spectra of the triply-charged ions of peptides GPLEnYGFAKGPLAK and nYLEFISDAIIHVLHSK show neutral losses; however they also reveal far greater peptide sequence coverage than for their doubly-charged counterparts, Figure 2 . Possibly, the differences observed between the ECD of doubly-and triply-charged nitrated peptides is simply the result of the repulsion between the dissociating fragments. However, AI ECD of the doublycharged peptides did not result in a significant increase in the number or relative abundance of sequence fragments (see above).
Three possibilities exist to explain the behavior of the triply-charged nitrated peptides. First, the electron predator model does not apply to these species and the peptides fragment according to either the Cornell or UW mechanism. Second, there exists a competition between the electron predator model and the Cornell and/or UW mechanism. Finally, the observations may be the result of secondary electron capture, i.e., capture of the first electron proceeds via the electron predator model and capture of the second electron proceeds via the Cornell and/or UW mechanism resulting in c/z-type cleavage.
There are two key observations: All of the sequence fragments observed for the triply-charged precursors are singly-charged, with the exception of c 15 2ϩ ions from ECD of [nYLEFISDAIIHVLHSK ϩ 3H] 3ϩ ions. For both peptides, no fragments are observed in the vicinity of the nitrotyrosine residue and those that are observed derive from the C-terminal region. The ECD mass spectrum of unmodified triply-charged GPLEYGFAKGPLAK is shown in Supplementary Figure 4. (Unmodified triplycharged YLEFISDAIIHVLHSK was not observed in the myoglobin digest and hence the results are not available for comparison). All possible N-C␣ cleavages of GPLEYGFAKGPLAK were observed. In addition, doubly-charged fragments c 13 2ϩ , z 12 2ϩ , and z 11 2ϩ were observed. Clearly, the presence of the nitrotyrosine inhibits c/z-type cleavage within the triply-charged species in a manner comparable to that observed for doubly-charged peptides. The conclusion drawn is that there does exist a competition between the electron predator model and c/z-type fragmentation. The question remains: Is that competition biased such that the electron predator model prevails over c/z-type fragmentation, i.e., are all c/z fragments the result of secondary electron capture? The lack of doubly-charged fragments from GPLEnYGFAKGPLAK and the presence of doublycharged fragments from GPLEYGFAKGPLAK suggest that may be the case. It should be noted that the relative abundance of the doubly-charged fragments in the modified species is low and that a lack of doublycharged fragments is not uncommon in the ECD of triply-charged fragments (for example, see [49] . Moreover, triply-charged nYLEFISDAIIHVLHSK yields c 15 2ϩ fragments, which are clearly the result of single electron capture and the Cornell and/or UW mechanism.
The fact that no fragments are observed in the vicinity of the nitrotyrosine residue for either peptide suggests that the conformation of the peptide ions is important. As described above, the probable protonation sites for triply-charged GPLEnYGFAKGPLAK are the Nterminus and the two lysine side-chains, and for triplycharged nYLEFISDAIIHVLHSK they are the N-terminus, the lysine side-chain, and the side-chain of one of the histidine residues. Hence, the triply-charged species are predicted to have more extended conformations than their doubly-charged counterparts. Through-bond electrontransfer rates have been shown to be dependent on distance [50] . Therefore, the current observations could be explained as follows: If electron capture to a high-n Rydberg state of the central lysine (GPLEnYGFAKG-PLAK) or histidine (nYLEFISDAIIHVLHSK) occurs, the nitrotyrosine intercepts and traps the electron, whereas if the electron is captured to a high-n Rydberg state of the C-terminal lysine (both peptides), relaxation to the amide * orbital proceeds with subsequent N-C␣ cleavage. It might be expected that if the UW mechanism prevails, c/z-type fragmentation throughout the peptide, and not simply in the region of the protonation site, would be observed; however it is a requirement of the mechanism that the conformation necessary for proton abstraction be achieved and that may not be possible for the species studied here.
We suggest that providing the peptide is of sufficient length and the charge of the precursor is Ͼ N ϩ 2, where N ϭ number of nitrotyrosines, ECD of nitrated peptides and proteins should produce backbone fragments [51] .
Conclusion
In terms of sequencing and characterization of sites of modification, our results show that ECD is not the method of choice for doubly-charged nitrotyrosinecontaining peptide ions. Some sequence information can be gleaned following ECD of triply-charged precursor ions. CID behavior is unaffected by the presence of tyrosine nitration. ECD of nitrated peptides is characterized by loss of small neutrals including •OH, water, and ammonia. Losses involving ammonia in isolation were not observed. It is hypothesized that these losses arise through interactions between protonated lysine side-chains and the nitro group, and corroborating evidence for this theory is provided by activated ion ECD, isotopically labeled 15 NO 2 -tyrosine, and a peptide series with variable nitrotyrosine sites. 
